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Abstract

The TritiumSystemTestAssembly(TSTA),at the Los Alamos

ScientificLaboratory,is intendedto demonstraterealisticfuelsupply

and cleanupscenariosfor futurefusionreactors. The vacuumpumpsmust

be capableof handlinglargequantitiesof reactorexhaustgasescon-

sistinglargelyof mixturesof hydrogenand heliumisotopes. Cryocon-

densingpumpswill not pump heliumat 4.2 K; whilecryosorptionpumps

usingmolecularsievesor charcoalhavegood heliumpumpingspeed,the

adsorbentclogswith condensedhydrogenwhilepumpingmixturesof both.

A solutionto thisproblemis a compounddesignwherebythe firststage

condensesthe hydrogenspeciesand the second,or sorption,stagepumps

the helium. The TSTApump designedat LawrenceLivermoreNational

Laboratoryuses argongas to cryotrapthe heliumin the helium-hydrogen

mixture. The argonis sprayeddirectlyonto the 4.2 K surfaceat a rate

proportionalto the heliumflowrate,permittingcontinuouspumpingof

the helium-hydrogenmixturesin a single-stagepump. However,the pos-

sibilityof differentialresorptionas a firststagein the TSTAgas

separationcyclerequiredthe inclusionof a first-stagehydrogenisotope

condenser. The design,performance,and operatingcharacteristicsare

discussed.

*Workperformedunderthe auspicesof the U.S. Departmentof Energy
by the LawrenceLivermoreNationalLaboratoryunaercontractnumber
W-7405-ENG-48.
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Introduction

The currentgenerationof magneticfusionexperimentsand future

fusionreactorswill requirepumpingsystemscapableof very large

through-putsof gas mixturesconsistinglargelyof deuterium,tritium,

and heliumat pressuresrangingfrom10-4Torr downto 10-8 Torr.

The deuteriumthrough-putof the MirrorFusionTestFacilitylat

Livermorecan be as high as 2200 Torr-!Vsand requirea pumpingspeedof

tensof millionsof litersper second. Deuterium-tritium(D-T)burners,

such as the proposedExperimentalTestFacilityTokamak,2 will have

gas loadsof the sameorderwith the additionalburdenof pumpingthe

reactionproduct,helium. However,the pulsednatureof Tokamaksand

the possibilityof pumpingthe divertersat relativelyhigh pressure

(3-5x 10-3 Torr)reducesthe total

severalhundredthousandlitersper

ETF willgeneratea heliumgas load

pumping-speedrequirementsto

second. The 750 MWt producedby

of 9 Torr-Vs. It is clearthat

largecryogenicpumpingsystemscapableof continuouslypumpinglarge

quantities(-1mole/s)of hydrogenisotopesand heliummixtureswillbe

requiredfor steady-statefusionreactors.

An initialstep in developingand Qualifyingall the principal

hardwarefor fuelprocessingin D-T-burningreactorswill be the Tritium

SystemTestAssembly(TSTA)3underconstructionat the Los Alamos

ScientificLaboratory(LASL). The TSTAhigh-vacuumpumpswere required

to meet the followingspecifications:

● Pumpmixturesof D-T, helium,and plasmaimpurities.

● Producebase pressuresof 10-8Torror less.

● Be unaffectedby pulsedgas loadsthatproducebriefpressure

,

excursionsof 10
-3 Torr.
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.

● Be restrictedto a 40-cm-diameterflangeopening,providethe

followingpumpingspeedsand capacities--

Deuterium--l6,OCKlk/s - 2 moles

Helium--l5OO-5OOOl/s - .2 moles

EightypercentD + 20 He (nodiminutionin the pumping

speedof eithergas)

s Allowfor differentialresorptionof the heliumseparatefrom

the D-T, and be remountableand easilymaintained.

Threepumpswere authorizedfor constructionand teston the TSTA.

The firstwas designedby LASL and usedmolecularsieveas the helium

adsorbent;the secondwas designedby BrookhavenNationalLaboratory

(~L) and used charcoaladsorbent;the third (thesubjectof this paper)

was designedat the LawrenceLivermoreNationalLaboratoryand usedcon-

densedargonas the heliumadsorbent.

EQ9n
The decisionto use condensedargonfor the adsorbentin the LLNL

designwas made for two reasons: (1)we had doneconsiderabledevelop-

mentalwork with continuous-flowargoncryotrapping,includingthe

4
HeliumNeutralBeam DirectConversionCryo Pump; and (2) we were

concernedwith the helium-pumpingdifficultiesexperiencedby Walthers3

5and Watson when usingmolecularsieves,i.e.,cryocondensedhydrogen

blockageof the sieveand the diffusion-ratelimitation.

A compounddesignis not necessaryfor pumpinghydrogenisotopes

and heliummixtureswith the argonadsorberas it is for the molecular

sieveor charcoal,the poresof whichare subjectto blockingby the

cryocondensedhydrogen. However,to meet the differentialresorption
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necessaryto have two pumpingstagesin series,

compounddesign. The firststagewouldpump the D-T

gas; the secondstage,the helium.

The generalarrangementof the LLNL TSTApump is shownin Fig. 1.

The outer,stainless-steel,vacuumvesselis

volumeof 490 L. The pumpmust be installed

inleton the bottom. All vacuumflangesare

cylindricaland has a

verticallywith a 40-cm

metalsealed. Thereare

threecryogenreservoirsin the interior,one for liquidnitrogenand

two for liquidhelium.

The LN2 reservoirassembly,shownpartiallyin Fig. 2, has a

volumeof 60 g and providesthe thermal-radiationshieldingfor the LHe

reservoirs.The gas inletsidehas conduction-cooledlouvers,arranged

in an octagonalpattern. The annularopeningthroughwhichthe LHe

reservoirsare insertedis closedwith a bolted-onplate. The gas

resorptionbaffleis mountedon top of the LN2 reservoirand, through

holes (tubes),allowsthe six LHe fill-and-supporttubesto penetrate

the reservoir.

The innerLHe-cooledreservoir(Fig.3) has a volumeof 18 ~ ana is

connectedby two diametricallyopposedtubesto a lowerrectangular

tube. Arrangedverticallyand weldedto the top reserviorand the

bottomtubering is the 120°chevronassemblythat

stageD-T condensingpanel.

The outerLHe reservoir(Fig.4) has a volume

surfaceprovidesthe second-stageheliumcryotrap.

betweenthe

theirthree

orientedto

argon.

two LHe reservoirs,25 spraytubesare

formsthe first-

of 20 L; its inner

In the annulus

positionedwith

hundredand fifty .004-in.-diamexit holes,preferentially

coat the insidesurfaceof the outsideLHe reservoirwith
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the argondistributionmanifoldassembly,whichis

tube formedintoa ring,onto whichtwenty-five

3/16-in.-diamcoppertubesare fastenedwith flarefittings. The tubes

penetratethe LN2-cooled,radiation-shieldclosureplate;the manifold

is mechanicallysupportedand thermallytiedto the sameplate. Temper-

aturecontrolof the argongas is accomplishedwith a nichrome-heater

wirewithinthe manifold. A stainless-steeltubewith a metal-sealing

fittingbrazedinto the copper

thin,stainless-steelsheetis

to stabilizethemmechanically

The cryogenicsubassembly

manifoldis the argoninlet. A ringof

fastenedto the topsof the spraytubes

and to reduceargongas scatter.

is shownin Fig. 6. All threereservoirs

are fabricatedfrom5052 aluminumwhilethe louverand

bliesare dip-brazed6061 aluminum. Eachof the three

suspendedby threel-in.diam, .02 in. wall, stainless

tubes,connectedby aluminumto stainlesstransitions.

voirsfill fromthe bottomto expeditecooldowntime.

chevronsubassem-

reservoirsis

filland vent

BothLHe reser-

All six of the

LHe-fillvent tubesare thermallyshortedby 12-in.longcoppercylinder

halvesto the top of the LN2 reservoir. The thermalshortsminimize

conductiveheat leakto the LHe reservoirsfromthe room-temperature

vacuumsealsand serveto stabilizethe structuremechanically.Eachof

the threecryogenreservoirsare fittedwith threetemperature-sensing

diodes(top,bottom,and middle)to monitoroperatingtemperature.One

diode,to monitorargontemperature,is locatedmidwayon an argonspray

tube.

The pumpwas sizedto meet the pumpingrequirementsin the follow-

ing way:

● The lengthof the fixed-entranceopening(40-cmdiam),

includingthe valve, was selectedto maximizethe conductance
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to the louverarrayand allowfor fasteningsand clearancefor

the cryogenicsurfaces.

● For a theoreticallouvertransmissivityof .35and a deuterium

stickingprobabilityof 1.0 (on the 4.2 K chevronsurface),the

cylindricallouverareawas sized (witha length-to-diameter

ratioof --1)to yielda conductancewhich,in serieswith the

entranceconductance,wouldmeet the deuteriumpumping-speed

requirement.

● For a measuredtransmissivityof .23 to the 120°chevron

arrayand a measuredstickingprobabilityof 0.1 for heliumon

the 4.2 K argonfrost,the heliumpumpingspeedwas determined

to exceedthe reauirements.4

For theseassumptionsand procedures,the followingpumpingspeeds

were computedwith an entrancelengthof 30 cm ana a louverpanelarea

of 6000cm2:

Deuterium Pump entrancespeed Sp = 17,000 L/s

Louverpanelspeed SL = 65,000t/S

Helium Pump entrancespeed Sp = 8,300 !?/S

Louverpanelspeed SL = 13,000 A/s

Thesevalueswere then checkedwith a MonteCarlocode,usingthe

same stickingprobabilities.Referredto the entranceareaof 40 cm in

diameter,the capturecoefficientswere 20 percentfor heliumand 40 per-

cent for deuterium,whichcorroboratethe handcalculation.

TestAssemblyand Instrumentation

Figure7 showsthe pump assembledon the teststandin operating

condition. The vacuuminstrumentationincludesthreenude ionization
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gages,one mass spectrometer,and a capacitancemanometer. Two of the

ionizationgagesmonitorthe pressurein the testvessel;the thirdis

placedat the top of the pump vessel. The mass spectrometermonitors

the testvessel,whilethe capacitancemanometermeasuresthe pressure
.

in the argonmanifold.

flowmeterswithranges

centimetersper minute.

Gas flowis measuredby threecalibrated

of 0-50,0-1000,and 0-5000atmosphere-cubic

The cryogenicinstrumentationincludesthe

previouslymentionedtemperaturesensorsand threecryogenliquid-level

indicators.

OperatingProcedures

Thereare only two

conventionalcryopump:

featuresthatdistinguishthe TSTApump froma

(1)two separateliquid-heliumreservoirs,and

(2)the continuousargon-gas-bleedfeature. The doubleheliumreser-

voirsrequirea modifiedcooldownprocedure,and the argonsystemre-

quiresproperseciuentialand flow-rateprocedures.

To minimizecooldowntime,the two LHe reservoirsmust be cooled

simultaneouslyafterthe LN2 reservoiris filled. If only one supply

Dewarand transferlineare available(ourcase),the two reservoirs

must be cross-connectedduringCooldownto forcethe cold heliumgas

throughboth. When about100 K is reachedin the downstreamreservoir,

they

ture

can thenbe filledseparatelyin the usualway. From room tempera-

to all reservoirsfull takesaboutthreehoursby thismeans.

Whenheliumgas is to be pumped,the argongas flowmust be ini-

tiatedfirstat a rateof 20 to 30 times (atoms/atom)the anticipated

flowrateof the helium. Beforeargonflowis initiated,the manifold

temperatureshouldequilibrateat about120 f 10 K to preventargon
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liquifactionand minimizethe heat loadto the LHe-cooledpanel. This

requiresabout30 wattsto the manifoldheater.

Performance

Pumpingspeedswere calculatedfrommeasurementsof pressurein

the testtankand the pump vesseland of the gas feedrate into the test

tank. The test-tankpressuregave overallpump speed,and the pump-

vesselpressuregave louver-panelpumpingspeed. The indicatedgage

pressureswerecorrectedby meansof a 2.5 factorfor deuteriumand

7 for helium. The mass spectrometerwas set to monitorthe argonpeak

in the testvesselduringheliumspeedruns.

Deuterium

The measuredpumpingspeedsfor deuteriumwere:

3P (Pumpentrancespeed)= 22,600L/s or 17.5 !Vs - cm2

~L (Louverpanelspeed) = 65,300t/s or 10.2 L/s - cm2.

The flowrangedfroma tenthto ten Torr-litersper second. Figures8

and 9 show the specificspeedversuspressurein termsof the 1.26 x
7-I 7 Q

10> cmz pump entrancearea and the 6.4 x 10’ ‘-z ‘-n’nn”nA‘n’’”n-

area,respectively.From the averageddata

the capturecoefficientfor deuteriumis 33

and 56 percentfor the pump.

L-III ~LUJCL1.GU AUUVGL

for specificpumpingspeeds,

percentfor the louverarray

Helium

Throughoutthe heliumspeedmeasurements,the argonto heliumflow

ratiowas maintainedfrom (28-30):1. Priorto each increaseor decrease

in heliumflowrate,the argonflowwouldbe establishedat the proper
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anticipatedrate. Pressure equilibrium after a heliumflowrate change

is establishedin a matterof severalseconds. The measuredpumping

speedsfor heliumwere:

5P (Pumpentrancespeed)= 11,200!Vs or 8.77 !L/s 2- cm

~L (Louverpanelspeed) = 18,5002/s or 2.89 !/s - cmz.

The flowrangedfroma tenthto one Torr-literper second. The specific

pumpingspeedversuspressurefor the pumpentrancearea and the louver

area is shownin Figures10 and 11. The resultingcapturecoefficients

are 9.3 percentfor the louverarrayand 28 percentfor the pump. For

the capturecoefficientfor the louvrearrayof 9.3 percentand the cal-

culatedtransmissivityof the louver-chevronseries,the heliumsticking

probabilityon the 4.2 K argonsurfaceis 18 percent. The argonflow

rate rangedas high as 30 Torr-litersper secondwith no indicationon

the mass spectrometerabovethe initialbackground.

EightyPercentDeuterium,TwentyPercentHeliumMixture

The gaseswere pressuremixedin a bottle,the flowrate and ion-

izationgagepressurecorrectionswereproratedaccordingly,and the

argonflowratewas adjustedto correspondto the partialheliumflow.

In the speedmeasurements,no attemptwas made to estimategas mixture

concentrationin the pumpbody in termsof the previously,independently

measuredspeedsfor 80-20D-He mixturefor the assumedcorrectionsof

the indicatedpressures,and flowswere:

3P (Pumpentrancespeed)= 15,550L/s or 12.4

~L (Louverpanelspeed) = 42,500fl/sor 6.7

Figure12 showsthe specificspeed (forthe louver

pressurefor the mixture.

!?./s - cm2

I./s- cm2.

area)versuspump
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Conclusions

The preliminaryteston the LLNL

it adequatelymeetsthe pumpingspeea

designeaTSTApump indicated

requirementsfor deuterium,

that

helium,and mixturesof both. The basepressurecouldnot be checked,

becausewe had no isolationvalveto separatethe pump fromthe many

O-ringedtest tank. Even thoughthe base and recoverypressurein the

pump was 1-2 x 10-8 Torrwith a correspondingpressurein the test

tank of 1-2 x 10-7Torr. Furthermore,comprehensivetestingwill be

carriedout at LASL to qualifythe pump for TSTAuse.
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FIGURECAPTIONS

Fig. 1. Generalarrangementof the TSTAcompoundcryopump.

Fig. 2. Liquidnitrogenreservoirassembly.

Fig. 3. Innerliquidheliumreservoirand D-T condensingchevron

assembly.

Fig. 4. Outerliquidheliumreservoir.

Fig. 5. Argondistributionmanifoldassembly.

Fig. 6. Cryogenicsubassembly.

Fig. 7. Pumpand test

Fig. 8. TSTAcompound

to log (data)

deuterium.

Fig. 9. TSTAcryopump

standassembly.

cryopoumpperformance,showing

of pump specificspeedvs tank

least-squares

pressurefor

performance,showingleast-squares

(data)of louverspecificspeedvs pump pressure

Fig. 10. TSTA cryopumpperformance,showingleast-squares

fit to log

fit

for deuterium.

fit to log

(data)of pump specificspeedvs tank pressurefor helium.

Fig. 11. TSTAcryopumpperformance,showing

(data)of louverspecificspeedvs

Fig. 12. TSTAcryopumpperformance,showing

(data)of louverspecificspeedvs

of deuteriumand helium.

least-squares

pump pressure

least-squares

pump pressure

fit to log

for helium.

fit to log

for mixture
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